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TRANSFORMATION OF MONOCDTYLHX)NHOUS PLANTS USING aGROBaCTERIUM 

The present invenrion relates m a method for ibe trajisform^uon of iconocoi 
pianis- More specifically this invenqoa reiaies lo a method for ihe n-sitsfonrmion of 
5 moncot plants using A$robacrenum sp. . 

BACKGBOXJTND OF THE INVENTION 

The host range of Agrobaciehum spp. is rypicgiiy restricted eo dicoiyledons 
10 such as alfalfa, couon. tobacco, ere. As mpaocois are not naturaljy parasid^ed &y 
Agrotaaeriam. cransform&non of mouocot species via Agrobacurium has been 
probtemaiic. For example, US 5 J80,709, US 5 JSOJOS, US 5,508.468 and Porrykus 
(1990, Bio/Technol 8:535-542; 1990, PhysioL Plant 79:125-134) commem on the 
unreliability oi Agrobacienum for maize iransfornaanon protocols, 

15 

Many Agrobuasrium iransforniadon methods used tor monocots require mjury 
to the tissue, either by wounding the tissue in some manner or particle bombardmem. 
For example, US 5,187,073 and 5,177,010 disclose a method for transforming 
monocois by wounding a seedling from the scuieilar node lo about ihe coleopule node, 

20 and inoculaiing the wound with a viri- strain of Agrobaaerium lumefaaens. US 
5J12a35 and 5.641.664 disclose ihe wounding of embryogenic callus by, for 
example, cutong up the callus imo pieces, and transferring DNA into the wounded 
tissue. The use of mjcropanicle botnbardmem of callus cultures is disclosed in US 
5J80J09; US 5,780,708; US 5,773.269: US 5.554,798: US 5.508.468: US 

25 5.484.956 and US 5,405,765. Siniilarly. microparticle bombardment of suspension 
culiures is lauehi in US 5,550,318 and US 5,489.520. Treatment of cailu? culmres 
with a wall degrading enzyme, thereby wounding the tissue is described in US 
5,712, 135, Similarly, the use of an inhibitor of poly^(ADP'rit30se) polymerase activity 
{niacinamide) for reducing the stress response in culmred tissue in order to permit 

30 u-ansforraation is disclosed in WO97/06267. 
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Prior arc meihods for cransforming monocois requires tht use of super virulent 
vectors (e.g. US 5,712,135; 5,641,664; 5,773,269; 5.554 J98; 5,484,956, 5,405,765; 
anci 5,391,616) ihai exhibit exiretnely high rransformauon efficiencies when used in 
dicot nmisfonnanou. A super viruleni vector comprises the vir region from a super 
5 yimlcniAgrobaaeniimf su^h^A§rvbacierwrtfmi(:facit;nsA2&l (eg. US5,59l,6i6). 
A protocol for monocot transfonnaiion using a super virulent vector, in the absence of 
explant wounding is .found in US 5,59 L6i6 Csee also Hiei cc 1997, Plant, Molec. 
Biol. 35:205-218). The use of super virulent vectors in the disclosed protocol resulted 
in 95-100% transformation efficiency. However, the use of supervirulenc vectors is 
10 associated with several problems including the difficult}' of removing the 
Agrobacierium followmg exposure to the explant tissue, and a significant increase in 
the cast of the transformation protocol. 

There is therefore a need within the an to transform monocot plants with 
15 reliable and simplified protocols using Agrobacierium mediated transfonnation 
protocols that incorporate readily available vectors. 

It is an object of the invention to overcome disadvantages of the prior an. 

20 The above object is met by the combinations of feaaires of the main claims, the 

sub-claims disclose further advantageous embodiments of the invention. 

SUMMARY OF THE INVENTION 

25 

The present invention relates to a method for the transformation of monocot 
plants. More specifically this invention relates to a method for the transformation of 
monocot plants using Agrobacierium sp „ 



30 



According to the preseni invention there is provided a method (A) for the 
transformation of a monocot plant comprising. 



i) exposing explam tissue of the moDOCOC to an Agrobacimum strain under 
vacuum m tbe presence of a phenolic compound, the Agrobacrerium 
sirain comprising a heterologous gene of interest within a vector; 

ii) removing the Agrobacterium from the explant tissue; 

iii) adding an ancibiodc against the Agrobacierium\ and 

iv) seleciing explanc tissue. 

This invention also relates lo the method (A) as defined above, wherein the step 
of selecung explanc tissue further comprises: 

i) raamtaining the explant tissue on media in the absence of a selection 
agent in order for the tissue to differentiate, thereby producing 
differentiated calli; 

ii) transferring tbe differentiated calU to media containing a selection 
ageni; and 

iii) obtaining calli that grow in the presence of the selection agem thereby 
obtaining transfonned monocoi calli. 

This invention is also directed to the method (A) as defined above wherein the 
Agrobacterium comprises a regular binary, or a super vimiem vector. 

This invention also relates to a method (A) as defined above wherein the explanc 
tissue comprises a caDused coleoptile node, or comprises a zygoiic embryo. 

This invention is also directed to a method (B) for the transformation of a 
monocot plant comprising; 

i; transferring explani tissue of the monocot plant co a suspension of 
Agrobaaerium to obtain a mixmre, the Agrobacierium strain comprising 
a heterologous gene of interest within a vector; 
ii) maintaining the mixture under vacuum in the presence of 
acetosyringone; 
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iii) releasing ihe vacuum and further intzubaimg ihe expianc tissue in the 
presence of said Agrobacienum; 

iv) cransferring ihe expiam tissue inio fresh media comprising 
ace^osyringone and incubating in ihe dark: 

5 V) washing ihe explant tissue wiih an antibiotic against the Agrobacieriurn. 

transferring said expiant nssue to fresh media and allowing ihe explanl 
tissue to differentiate, thereby producing differentiatea calli; 
vi) transferring the differenaated calil to media coRiaining a sckciion 
agent, and maintaining the differemiaied calli in the light; and 
10 vii) obtaining calli thai^row in the presence of ibe selection agent. 



The present invemion al5o embraces the method (B) as defined above wherein 
the Agrobacienum comprises a regular binary, or a super viruiem vector. 

15 This invention also pertains to the method (B) as defined above wherein the 

fresh media of step v) comprises an anUbiotic againsi said Agrobacierium^ 

The present invemion relates to the method (B) as defined above wherem the 
explam lissue is cailused coleoptile node, or comprises a zygoiic embryo, 

20 

The present invention also pertains to a method (C) for the transformation of 
a monocoi plant comprising » 

i) transferring explam tissue from the monocot plant into media 
25 comprising a phenolic compound, and a suspension of Agrobacienum 

to obtain a mixture, the Agrobacrerium strain comprising a heterologous 
gene of interest within a vector; 
ii> washing the explant tissue with an antibiotic against the Agrobacierium 
and transferring the explant tissue to fresh media comprising 
3Q acetosyringone and incubating the explant tissue in the dark; 



iii) transferring the ejcplani tissue to fre3h media and allowing the explant 
tissue CO differentiaie, thereby producing differenriared caili; 

iv) (rsnsferring the differendated calli to medi^ coniaming a selecrion 
ageut. and maintainirig the differentiated calli in ?be light; and 

v) obtaining calli that grow in the presence of the selection agenr. 

The present invention pertains to a merhod for the transformation of monocot 
plants with a gene of interest, wherem no wounding of the tissue is required for 
cransfonnation ro occur. Furthermore, monocot plants may be transformed using a 
r(*gular binary vector following the method as described herein, so that the use of super 
virulent vectors is not required. However, the present method may also be used with 
super virulent vectors. Without wishing to be bound by theory, the success of 
transformation of monocot plants using the method of the present invention may in parr 
due to the treatment of expiant tissue with Agrobacierium in liquid cuimre, and in pan 
to the selection of transformed caili following differentiation of rf^e explant tissue. 
Furthermore, the step of vacuum infiltration may also be used to increase the rate of 
transformation. 

This summary of the invention does not necessarily describe all necessary 
features of the invention but that the invention may also reside in a sub-combination 
of the described feamres. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will become more apparent from the 
following description in which reference is made to the appended drawings wherein: 

FIGURE I shows a T-DNA construct 35S-mnSOD:Ubi"bar comprising a mai^e intron 

FIGURE 2 shows PCR analysis for the bar and MnSOD genes. Figure 2 (A) analysis 
of bar gene. Figure 2 (B), analysis of MnSOD gene. Lan^i: 1Kb DNa 



-6- 

ladder; Lanes 2 to 14: pJam DNA from 13 independem trajQsgenic creeping 
bentgoss piant$; Lanes 15 to IS: DNa from four aon-oransgenic creeping 
bemgrass planes; Lane 19: no DNA; Lane 20: pSOD-bar piasmid DNa. 



5 FIGURE 3 shows PCR re$ults of putauve cramgenic perennial ryegrass piauis usuig 
primers lo amplify the bar gene. L-l kB ladder, h- - pSODbar piasmid 
(Lanes I7AJ9A), - - H20 negative control (Lanes 21 A, 23A; Figure 3A), nt 
— non-iransge^iic perennial ryegrass plant negative control {Lanes 2 IB. 
23B; Figure In Figures 3A and 3B, 35 of ihe 39 exir^cts amplified die 
10 expecied PCR produci, 

FIGURE 4 sbows Souihem hybridization of DNA obtained from 5 indepetuJeni 
cransgenic plants digested widi BscXi and probed widi a bar gene probe. 
Arrow indicates 5000 bp fragmem. Lane I - Ladder. Lane 2-6 - independent 
15 imsgenic plaftis. Lane 7 - pSODbar plasxnia 

FIGURE 5 shows Westem analysis of perennial ryegrass iransformed as described 
herein. Lane 1,2 - Non transgenic plants » Lane 3-6 - Independent transgenic 
20 plants. Arrow indicates unique protein of approximately 90 kDa molecular 

weight present in lanes 3 (plant £50), 4 (plant £68), 6 (plant ElOi), 

FIGURE 6 shows a native protein isozyme gel of proteins obtained from iransformed 
25 plants. In order to stain specifically for MnSOD activity, Cu/ZnSOD and 

FeSOD isozymes were inactivated by 30 rain incubation at room icnxper^cure 
in 3% HA pbosphate buffer, followed by staining for SOD activity as 
described {ExampJe 2). Une I - MnSOD marker from £- coU. Lane 2 - Non 
transgenic plant. Lane 3,4 - independent transgenic plants £50 and £68. 
30 Arrow indicates MnSOD activity 
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DESCRIPTION OF PREFERRED EMBODIMENT 

The presem mveniion relates to a aiethod for the zmxisformmon of monocoi 
plants. More specifically chi? invention reiares to a method for the rransformaiion of 
5 monocoi plants using Agrobaaerium sp. . 

'I'he toilowing descripnon is of a preferred embodiment by way of example only 
and wiiljour limuation to the combinacion of features necessary for carrying the 
inversion into effect, 

10 

The method of the present invention is directed to the cransformaiioa of 
raonocot plants, using regular Agrodacterium-b^^cd vectors . By regular binary vector, 
it is meant vectors that result in an average transformation efftciency when used in 
dicot transformation systems, for example, but not limited to, BinI9, Such vectors 
15 may be used within a variety of Agrobaaerium mmefaciens strains, for example, but 
not limited to, Agrobaaerium sti^in C58, 

Funbermore, the transformation protocol of the present invention does not 
require any wounding of tissue in order co achieve cellular uptake of the vector, 

20 

The method of the present invention involves the preparation of expiani tissue, 
which includes but is not limited to the coleoptile node, or zygotic embryo and 
exposure of this nssue to a suspension of Agrobaaerium cells comprising a gene of 
imerest (within an optional marker gene) within a vector, to be miroduted within the 

25 monocoi plant. If coleoptile node tissue is used, then preferably the tissue is callused. 
However, it is to be understood that other plant tissues or explant tissues may also be 
used for transformation following the methods as described herem. The Agrobaaerium 
suspension - expiani tissue mixture may be maintained for a period of time under 
vacuum at a temperamre from about 15*C to about 28 X. Preferably, the mixture is 

30 incubated at about H'^C 
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Tbe vacuum treannem of riie mixmre may lasi from about I to about 120 
minutes, preferably, tbe incubarion time uxKier vacuum is from about 5 lo about 60 
minutes. More preferably, the incubation under vacuum is from about 10 to abouc 15 
minutes. Without wishing to be bound by theory ir is thought rhat the contact between 
5 ijie cells of the explaut and Agrobacteriumr is er^hamed under vacinim An 
approximately two fold increase in transformation efficiency is obtained by vacuum 
treating explants, when compared with an analogous protocol that lacks the vacuum 
infiltration $tep (see Example I). Following the vacuum nreaiment, the explaats remam 
m^im'^tAgrobaclerium suspension for a period of time, for example, from 1 lo about 
10 60 minuter, however^ longer incubaiion times may also be u^ed if desired. 



Tbe Agrobacienum suspension comprises any incubation medium suitable for 
the cuirure of ihe explam. For example, such a medium would Include, but is not 
limited to a basal medium, for example MS (Murasliige and Skoog basal medium 
15 (1962, Physiol, Plane 15:473-497) further comprismg; 

• sucrose from about 5 g/L to about 50 g/L; 

• ar least one amino acid, $uch as but not limited to. asparagine, from about 50 

mg/L 10 about 300 mg/L; 

• 2.4-D. or its equivalent, from about 1 mg/L to about 50 mg/L, BAP, or its 
20 eqivalentv from about I mg/L to about 50 mg/L. or both and BAP, from 

about 1 mg/L to about 50 mg/L; and optionaily, 
• casein hydrolysate (from about 50 mg/L to about 1 g/L)» 2,4-D (from about 0. i 
mg/L to about 5 mg/L), dicamba (from about 0.5 mg/L to aboui 20 
mg/L). and a phenolic, for example, but not limited to, aoetosyringone 
25 (from about 5 to about 200 mM). 

It is preferred that this medium also comprise a phenolic compound capable of inducing 
die vir genes on Ti piasmids, for example, but not limited to, aceiosyringone. The 
medium is at a pH from about 4.5 to about 7, preferably at a pH of about 5.2 to about 
30 5.8. Examples of several media, which are to be considered non^imiting, are 
presented in Table 1. 
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Table UTissue Culture Media Composition 
Enjbryo Induciion Co-cnJiivation Medium Embryo Dev 



J 




Median (solid) 
MSCB MSPR 


(liquid} 

MSCBcc 


MSPRcc 


Medium 
MSO 




pH 


5.8 


5.8 


5.2 


5.2 


5.8 




BasaJ medium 


MS 


MS 


mi> 


MS) 


MS 




Sucrose (g/L) 


20 


20 


20 


20 


10 




asparagine (mg/L) 


150 


150 


150 


150 




10 


casein hydrolysate 
Cmg/L) 




500 




500 






BAP {mpD 


10 


10 


10 


10 






2,4-D (mg/L) 


0.3 




0.5 








dicamba (mg/L) 




5 




5 




15 


Phytagel (g/L) 


2 


2 






2 




acemsyringone (uM) 






40 


40 1 





Following iransfomiarion, the explaijts are pemiiciea lo differeniiace on a 
20 suitable media, for exainpie bui noz limited to MSCB or MSPR (Table i), from about 
2 weeks lo about 3 moncbs, prior to selecuon for the occurrence of itic selectable 
marker to produce differenmied callL Preferably tije period of rime for producing 
differentiated ca{li is form about 4 to about S weeks ($ee Table 2. Example I). 

Following differentiation, caili are transferred to a medium, such as MSO, 
which contains au appropriate selection agent. To aid in identificaqoa of transformed 
plant ceils, the constructs of this invention may be manipulated to include plant 
selectable markers. Useful selectable markers include enzymes which provide for 
resistance lo an antibiotic such as, but not limited to, phosphinithncin, geniamycin. 
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bygromycin, loiiaiuycin. Similarly, enzymes providing for production of a compound 
tdendfiable by colour change suctx as GUS (p-g{ucuronidase), or luminescence, such 
as luciferase may also be employed. The step of selecting for occurrence of ]hc 
$e}ecmble inarker may be repeated using higher concentrations of seiection agent as 
5 required. Perfonning the siep of allowmg cailus growich following co-cuiavg:jion of 
Ussue wixh Agrobaccerium prior lo iraasfer to selection mediun) results m higher rates 
of traj)sformatioa. 

The protocol as described herein may be used for the iransformation of any 
10 monocotyledonous plant, including for example^ but not limited to, grasses, for 
example, KeamcJcy bluegrass {Poa praums), Canada bluegrass {Poa compressa) and 
bromgra&s (BramiiS inermis), agricuitural plants, for example corn {Zea maize), rice, 
and wheat, 

15 The above descripiion is not intended to limit the claimed invention in any 

manner, ferhermore, the discus$ed combination of features might not be absoiutely 
necessary for the inveniive solution. 

The present invention will be further iilusirated in the following exanaples. 
20 However it is to be understood that mese examples are for illustrative purposes only, 
and $houW not be used to limit the scope of the present invennon in any manner. 

Examples 

23 Transformation protocol 

Seeds are surface sterilized and germinated for 3 days in the dark. The 
seedlings are transferred to solid embryogenic callus induction medium (e.g, MSCB 
or MSPR, depending upon the species used) and maintained in the dark for 10-60 days 
30 ai 22-25**C. Cnlmred explani tissue, including the calluscd coleopdle node or mamre 
zygotic embryo is excised and incubated for I hour on liquid cmbryogenic callus 



induction medium (e.g. MSCBcc or MSPRcc). A suspension of Agrobacterium {sirain 
C58; deusuy OD 0.5-0 J) is also incubaied for i hour on liquid embryogemc callus 
induciioji medium. Culmred expiam: tissue is trai^ferred to a suspension of 
Agrobaaerium (strain C58; density OD 0.5-Q.7) for I hour comprising liquid 
embryogenic callus induction medium {e,g, MSCBcc or MCPRcc) and acewsyringone. 
For the first 10-15 min, mbes containing the Agrobacjerium - explani tissue mixture 
are maintained under vacuum (about 18-24 mm Hg; 24-32 mbar). The mixrare is then 
raainiained at atmospheric pressure at 22*C for the following 45 min. 

Tbc c?tplanw arc iran:5fcrrcd lo a coniainer containing liquid embryogemc callus 
mducuon medium (e.g. MSCBcc or MSPRcc) comprising aceiosyringone (pH 5.2) and 
maixiiained for 3 days in dje dark ai from about 22 to aboui 25 °C, The callused nodes 
are removed, washed for 0,5 hr with an antibiouc (for example claforan, 2 g/1) lo kill 
Agrobacieriim. thereby killing remaining Agrobaaerium, and bloned dry on sterile 
filter paper. 

The explanis are then placed on solid embryo induction medium (e.g. MSCB 
or MSPR) containing an antibiotic to eliminate Agrobaaerium, for example, claforan 
{300 mg/L) and cultured in the dark from about 22*^0 rq about 25°C. After aboui 1-2 
months calU start to differentiate and sections Starr lo separate, the caUi are transferred 
CO MSO medium (sec Table i for composition), confining a selectable marker 
selection agent, and culmred in light. The concentration of the selecuon agent is 
increased over lime in order lo select rrar^formed plants. The step wise increase in 
selection agent concentration avoids toxic effects caused by death of large numbers of 
tissue/ceils during the selection process, 

Consmiction of plasm^d. 

The operations for constructing the piasmid were carried out in accordance wiih 
Ausubel, F.M-, Brent, K:ingston> R.E-, Moore, D.D., Seidman, J.G., Smith, J. a. 
and Struhl, K, 1989, Current protocols in molecular biology. John Wiley & Sons, NY 
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Tne pNOS-npiH region (2349 bp) was deleted from pEXlSOD (Bowler ei al. I99l. 
Embo J. 10:1723-1732) using die restriction enzymes StuI and NniL The Ubiquitin 
promoter-intron-Bar-Nos 3' region from ibe pAHC25 vecior (Christensen, A.H. and 
Quail, P-H. 1996. Transgenic Researcb 5;213-18) was excised using panial digesiion 

5 wiih rfie resiriciiofl enzyme EcoRI . FoUowrag eieciropboretic separation, me 2890 bp 
fragmenl was filled in widl Klenow fragroem enzyme (Gibco BRL), and inserted inio 
pEXlSOD ai the site previously occupied by pNOS-npdl. Three sets of digestion with 
the resiriciion enzymes Psa, HindHI and SaU followed by ekctroplioretic separation 
confirajed the insenion orienmion of the 2890 bp fragroeiii. The obtained plasmid was 

10 named pSOD-bar. 



Introduaion of pSOD-bar m\ cs A^robaciarium 

Competent Agrobacierium lumefaciens C58CI cells, which contained the 
15 virulent plasmid pMP90, were produced as described by Ausbel ei al . (Ausubel, P.M., 
Brent, R.. Kingston, R,E., Moore, D.D., Seidnjan. J.G., Smim, J.A. and Sirohl, K. 
1989. Cuneni protocols in molecular biology. John Wiley & Sons, NY). The pSOD- 
bar vector was electroporaied into cells using a Gibco BRL Cell-Poraior 
Eleciroporaiion Systran in accordance with the raanufacmrer's insnruciions. 20 ng of 
20 the pSOD-bar plasmid were used lo transform 20 ^Lt of competent A. lumefaciens 
C58CI cells. After electroporation and removal of the sample from the 
roicj-oelectroporaiion chamber, the sample was incubated for 2 b at 2S°C in 1 ml of 
SOC medium. After 1 b incubation, a 100 aliquot was plated on solid LB medium 
containing the selection antibiotics Streptomycin {30 mg/L) and Speciinomycin (30 
25 mg/L) and incubated in the dark for 48 hrs at 28 =C. Long term culmres for use in 
transformation experiments were produced as described by Ausubel et al. a989). 



Example 1: Transformation of Creeping Bentgrass 

30 • Creepingbentgrass{4gr^^n.pc/^«fm)cv*Cohra-wastransformedasdescn^^ 
above with pSOD-bar. To obiamculmredexplani tissue, seeds were surfece sterilized. 



germinated for 3 days in i&e aark, and seedlmgs iransfened to solid embryogenic 
caJJus induction medium (MSCB) and mainiained in die dark for 3-5 wks ai 22-25 *C. 
The construcr was introduced via dgrobacterium nj^idia^d cransformation as outlined 
above using MSCBcc (liquid) co-culiivaiion medixint. Following rbe 3 day co- 
5 cullivaiion, ihe explanxs were ihen piaced on MSCB solid medium conraining 300-500 
mg/L ciaforan and culoired in the dark from aboui 22 co about 25 *C. After 4*8 wks 
on MSCB medium m ihe oarlc, iransformed caili were transferred to MSG medium 
containing the selection agent PPT (ptjosphinoihricm) at 5 mg/L and ciaforan (300 
mg/L) and cultured in the light to allow the plants to grow. After 4 wk, surviving calli 
10 were transferred lo fresh MSO medium conmining 5 mg/L PPT and ciaforan t3CiO 
mg/L), and after an additional 2 wk, were transferred to MSO medium containing 10 
mg/L PPT. 

Plants recovered from this process were sampled for the presence of rhe 

15 introduced genes using PGR, Leaf tissue (approx. 0,1 g) was ground with liquid 
nitrogen and placed into a 1.5 mi microceniriflige mbe containing 600 ph of warm 
(SS'^C) 2X CTAB extraction buffer (Rogers and Bendicb, 1994: Plant Molecular 
Biology Manual Dl, Kluwer Academic Publishers, Belgium). Tubes were incubated 
for 15-20 min at 55 '"C, cooled to room temperature, 300 ^L of cbloroform/octanol 

20 (24; 1 ) are added, and mixed by inversion for 5 min. Tubes were cenirifuged ( 13 ,000 
X g) for 5 min at room temperature, and the supernatant transferred to a new 
microcentrifoge wbe. 300 of chJoroform/ocianol (24: 1 ) was added and cbe mixing, 
cenirifugation, and the supernatant transfer steps were repeated, 5 ^iL Rnase A (10 
mg/L) was added, the cubes were inverted 2-3 times to mix the solution and left for 13 

25 min at room temperature. After 15 miu. 600 ^L of isopropanol was added, the tubes 
were mixed by inverting 2-3 times and held at -20*C for at teast 2 hrs. The rubes were 
centrifuged 15-20 min at 4T and the supernatant was discarded. The DNa pellet was 
washed in 70% ethanoi for few minutes and then centrifuged for 2-3 min at room 
lemperamre. The supernatant was discarded and the pellet dried for approximately 1-2 

30 hrs. The DNa was resuspended in 20 }jL of sterile water and the quality and 
concentration was confinned using a 0. 8 % agarose gel with ethidmm bromide staining. 
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For the PGR reaction, i plane DNA (20-100 ngJfiL) was combmed with 
17.8 piL si£rile water, 2,5 (ih lOx Taq Buffer coniiauung 15 mM MgCU. 2.5 fiL 
dNTPs (IniM), 0.5 primer 1 (lO pmotes//tL), 0.5 primer 2 (10 pmoles//iL), and 
0,2 fit Taq po!>njftrase. The loial volume of *e reaction was 25 /zt. The primer 
5 pairs used to detect the bar gene were; 

5'"CCGT<n^GCGGGAGCGCTATCCo' (SEQ ID NO 1:); and 
5'^ATCGCAAGACCGGCAACAGG-3' (SEQ ID N0:2). 
ml ihe primcrr pairs used to dwct the MnSOD gene were: 

5'-AGaaACCAAACGGTCCTG"3' (SEQ ID NO;3); and 
10 5'-GAGCaGACGGaCCITaGC-3' (SEQ ID N0:4). 

For ampUficaiion using die bar primer pairs, liie PGR program was 5 min ai 94 ''C, 
then 30 cycles of 94*C for l min, 70°C for U5 rain and 72 ""C for L5 mm, followed 
by 5 min ai 72=^0 and holding at 4''C (Figure 2 (A)), For ampiificstiou using the 
MnSOD primer pairs, the PGR program was 5 min at 94 ""C, then 30 cycies of 94^*0 
15 for I min, 56°C for 1.5 min and 72°C for 1.5 min, followed by 5 min at 72^C and 
holding at 4^C (Rgtire 2 (B)), PGR products were visualized on a 0.8% agarose gel 
wilh eibidium bromide. 



Expression of the introduced MnSOD gene was detected -using native PAGE 
20 gels. Leaf tissue was excised from a vegetative stage shooc. The sample (0.5g} was 
frozen in liquid nitrogen, ground, and resuspended in I ml of 50 noM KH^PO^, pH 7.8. 
The homogenate was cenuifuged at 13,000 x g for 15 rain at 4*0, the supetnatani was 
transferred to a clean mbe, and centrifuged again for 5 min at 4X. The protein 
content of the supematani was determined (Coomasie Protein Assay, Pierce). A 
25 comtant volume (20 /^L) containing 150 protein was applied lo a 13% 
polyacrylamide gel with a 4% stacking gel (McKersie aL 1993 Plant Physiology 
103:1155-1163). The proteins were separated at 10 mA constant currem for i h, and 
15 mA for the following 2 h. The gel was stained for 20 co 30 min in darK at 4°C with 
an equal volume mix of staining solution A (0.06 mM riboflavin; 0.651 % TEMED in 
30 100 ml phosphate buffer (50 mM KH,PO, and 50mM K,HPO,)) and solution B (2.5 
raM'NBT in 100 ml phosphate buffer). Then the gel was iljuminated at in a light 
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box for 20 min. Areas of superoxide dismurase aciivicy were negatively siained againsi 
a blue background- 



An experimem was conducted ro evaluate the vacuum treannent during exposure 
5 of the [issue to Agrobacierium, and so evaluate ihe effect of maintaining the explam 
dssue on differentiation medium in the absence of selection agenc for a four-week 
period following exposure to Agrobaczerium. This experiment involved che following 
creaunenc combinations: 

10 A) Che cransformaiion protocol as outlined above, wtm vacuum during 
Agrobacierium exposure; 

B) a control treatment with no Agrobacierium during th& vacuum creatmem; 

C) the transformation protocol as outlined but wiihoui vacuum during the 
Agrobacierium exposure; 

15 the transformation protocol of (A), however, the length of time prior to transfer to a 
medium containing the selection agem { i.e. to produce differentiated calli) is 

D) 3 weeks; 

E) 2weeics; 

F) I week; and 
20 G) Oweek. 

The explants in the last treatment were immediately transferred to selection 
meditmi following Agrobacierium exposure. In all Lreatmem combinauons, the total 
length of time the explants were cultured in the dark was 4 weeks. For example, 
25 trearaem F (1 week treatment) involved 1 week dark incubation on selection agent free 
MSCB medium, 3 weeks dark incubation on MSCB medium containing the selection 
agem, followed by transfer to MSO medium containing the selection agent and cultured 
in the light. Table 2 summarizes the results of this experiment 
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Table 2 Summary of 3 transformation experiment comparing the vacuum 
treatment during Agrobmerium exposure, and the effect of reducing the number 
of weeks between the exposure of the expianis to Agrobacterium and transfer to 
medium containing the Sfileetion agent. 



Treauneni 


Vaciiu 


No. wecfcs 


No. 


No. of embryogemc 


% 




xn 


with no 


expiani 


expianis following 


Transformait 






seiectiou 


s 




on efficiency 






agem 










ycfi 


4 


24 


IS 


75 % 


B, No- 


yes 


4 


10 


0 


0 ^0 














C, Agrobacierium 


NO 


4 


26 


11 


42 % 


D. AgrOjbacieTzum 


yes 1 


3 


23 


9 


39 % 


H, Agrobaamum 


ye5 


o 


23 


1 


^ % 


F- Airoboctcnum 


ytss 


1 


25 


0 


0 % 


G. A^robaaermm 


yes 


0 


23 


0 


0 % 



15 Applying *e cransforrnadon meihO£l as describea in the presem inveniion, 75 % 

of Qie expianis gemaied embryos following stepwise transfer on media containing the 
selection agem. As expecied, rhe m-Agrobaaenum control (B) did nor produce 
embryos on media containing ±e selection agem. Not applying ihe vacuum treaunem 
(C) during Agrobacxerium exposure reduced the mnsfonnanon efficiency from 75% 

20 10 42 % . Decreasing the rime bcwecnAgrobaaerfum exposure and transfer 10 medium 
conmning the seleciion agem reduced the transfonnation efficiency: a 3 week period 
rech^ced the efficiency to 39% and a 2-weeic period reduceci the efficiency to 4% - No 
embryos were obtained if the period was reduced to l^week or if die expianis were 
immediately transferred to medium containing the selection agent. 

25 

Example 2: Tramformaiion of Perennial ryegrass 



Perennial ryegrass (Lolium perenne U) vvas transformed using die 
method with a binary vector. The DN A construct was that used in Example 1 



To obtain cultured expiajat tissue, seeds were surface sterilized, germinaced for 
3 days in cbe d^rk. Seedlings were surface sterilized and transferred lo solid 
embryogemc callus induction medium (MSPR) and maincain^d in the dark for 10-60 
days. The construct was introduced via Agrobacimum jaediaced tran$formauon as 
5 ouUined above using MSPRcc (liquid) co-cuitiv^tion medium. Following the 3 day co- 
cuUivation, the explanxs were then placed on MSPR solid medium containing 300-500 
tng/L cjaforan and culmred in the dark from about 22 to about J5^C for 3-8 wk. 
Transformed calJi were transferred to MSO medium camaining the selection agem PPT 
(pbosphinoihricin) at 5 mg/L and culmred in-tfae light to allow the plants to grow. 

20 After 4 wk, surviving calli were transferred to MSO medium containing 5 mg/L PPT, 
and after an additiot^l 2 wK, were uransferred to MSO jnedium containing 10 mg/L 
PPT. Through the selection phase, all culmri^s were maintamed in the light. Plants 
recovered firom this process were sampled for the presence of the introduced genes 
using PCR (see Figure 3). DNA was extracted from putative transgenic perennial 

15 ryegrass plants using a method from CIMMYT (Applied Molecular Genetics 
Laboratory Manual p. 2-3) with the following three modifications; 600 ^L CTAB at 
room temperamre was added to approximately 20 5mm pieces of grass tissue, the 
samples were homogenized using a Fast Prep FPI20 machine (Bio 101) for 20 seconds 
then heated at 68 °C for 20 min, and 4-5 mL RNAase a (lOng/ ;^L) was used in the 

20 reaction mixmre. Approximately 20ng of genomic DNA was then used in a PCR 
reaction {Straiagene Robocycler 96) to amplify the bar gene (468 bp prOducO, with L3 
units Expand High Fidelity DNA polymerase mix (Roche Diagnostics), 0. ImM dNTP» 
inO lOx Expand HF buffer with 15mM MgCIj, and 0.2mM of each primer I and 
primer 2 as described for creeping bentgrass. The amplification was a single 5 minute 

25 cycle at 94"C followed by 30 cycles of L5 minutes at 94^0 , 2 minutes at 68"C and 2 
minutes at ITC and ended with one 5 minute cycle at IXQ. Each PCR sample was 
electrophoresed on a 0.8%/TBE agarose gel and visualbed by staining with eibidmm 
bromide. 

30 Table 3 summaries the results of four separate transformation experiments 

toinivicitd using two varieties of Perennial ryegrass. Elite and Affinity . The 



trajisfonmaon efficiency, compuietj as the proponion of explanis thai jiansgemc plants 
were recovered from and rramferred to a greenhousfc> averaged 25 % wijh a range of 
10-55% among the four experimenrs and for ibe two varieiies. 

5 Table 3 Summary of transformation experiments conducted using embryogenic 
c^i of PereimUl rye^:^S- 
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Varieiy 


No. of cxplws 


No. of explanrs Total number of 
foOowing seletiion putative iramgemc 
plants tecov^Tcd 


PCR Screeimg, 
% plants posmvc 


Elite 


40ca]}j 


5 4 


100 




20caUi 


11 21 


100 


Affioiiy 


20 cm 


6 4 


m 




100 cm 


13 169 


39 


Traasfbrmanon 


Mean 


25% 




efficiency i% of 








expiants yieI<Ung 




10-55% 













Soutbem hybridization was performed lo confirm genomic insenion of che gene 
20 construct {Figure 4). Genomic DNA was extiacied using the method of Junghans and 
Metdaff (1990 BioTecbinques 8: 176) with an extra step to precipitaEe polysaccharides 
as described by Michaels et al., 1994 (BioTechniques 17:274-276). Briefly^ after 
pbenol/chloroform extraction. NaCI was added to a concentration of 25mM. 0.35 
volume of 100% etbanol ai room temperacurc (RT) was added dropwise wiih continual 
25 mixing and samples were incubated on ice for 20 min. Samples were spun at iO.OOO 
X g for 5 min, the supemaiani was cransferred to a fresh tube and precipitated with I 
volume of isopropanol. DNA concentration was determined using a 
spectrofluoropfaoiomeier (Shiraadzu) and the Hoechst dye assay (Hoefer Scientific 
Insiruments Technical Bulletin #119). Hoechsi 33258 dye wa3 diluted lo a finai 
30 concentration of 0, 1 Mg/raL in IX TNE (10 roM Tris, I roM EDTA, 0.1 M NaCI, pH 
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7.4). 2MLofDNA was added and assayed ai A excitaiion365rau and A emission 455 
xm. DNA quality was also assessed by electrophoresis on a O.S%/TBE agarose gel 
siBined with eOudium bromide, A 15-25 DMA sample was digested overnight in a 
400 resiricrion enzyme digest. After digestion, samples were precipitated wiih 2,5 

5 volume of 100% ethanol and O.l volume of 3 M sodium acetate pH 7, both ac 4 'C, 
incnbaied at -20 for a minimum 1 .5 hr, spun at 12,000 x g at 4 . The pellet was 
washed 2X with 70% echanoi at 4 "C, dried and resuspended overnighf at 4 in 18 
mL si^rile ddHp, pH S. DNA was loaded and elecirophoresed on a i % agarose/TBH 
gel ai 20 volts overnight- 30 n§ of a DIG labelled ladder and 500 pg of pSODbar 

10 plasmid wa^; aUo loaded. DNA was transferred to a positively ctjsrgcd nylon 
membrane (Roche Diagnostics) by capillary transfer with 20X SSC buffer overnight 
at RT. Following the transfer, the membrane was UV crosslinked on both sides, 
rinsed briefly in ddH.O and allowed to dry completely. 

15 The membrane was prehybridized in DIG Easy Hyb Solmion (prepared from 

DIG Easy Hyb Granules, Roche Diagnosdcs) for 30 nun at 37 'C, PGR DIG Probe 
Synthesis Kit was used to prepare a Digoxigenin-Iabelled bar probe by PCR of 200 pg 
of pSODbar using the primers PI (SEQ ID N0:1) and P2 (SEQ ID N0;2) and 
conditions described above, except that the final nucleotide concentrations were 2inM 

20 aATP, dCTP, dGTP, L3 mM dlTP and 0,7 mM DIG-dUTP (Roche Diagnostics). 
The PCR labelled probe was diluted l mL: i mL with DIG Easy Hyb solution. The 
probe was denanired prior to use by heating at 68 'C for 10 min and flash cooling on 
ice. Following prehybridization, the membrane was incubated overnight at 37 with 
the DIG probe. The membmne was wasbed 2X 5 min in 2X SSC(0,1 % SDS) at RT, 

25 followed by 2X15 min washes in 0.5X SSC (0.1% SDS) at 68 'C. Blocking and 
detection were carried our as described by the manufacmrer (Roche Diagnostics) using 
the DIG Wash and Block Buffer Set, Anci-Digoxigenin aP Fab Fragments and CDP- 
Star chemUuminescent substrate. The membrane was exposed to X-Omat AR film 
(Kodak) until the desired signal was attained {Figure 4). 



30 
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To confinrt cbac the mcroducecl MnSOD gene was expressed. Western bloc 
hybridizaiion was perfoniie4 (Figure 5). Total protein was exrracTcd from young leaf 
blade tissue through vortexing wiib liquid nitrogen in 15 mL Nalgene cubes mduding 
3 cylmdrical grinding beads (Bio 101). Frozen homogeoized Eissue (100 mg) was added 
5 lo 125 of KHjPO^ buffer pH '/.8 on ice. Sampici- were cenmfiiged at 4 *C ai 
12,000 X g for 10 min. The supernatant was removed and ifee spin repeated. Protein 
conceuiraiion was detennined spectropbaiometrically using the Pierce Coomassie Pius 
Protein Assay Reagent KU (Pierce). Samples were diluted 1:1 mih sarnple buffer and 
50 Aig of protein for each sample were loaded onto a 0,75mm thick non-denaruring 

10 polyacrylamide gel consisting of 4% stacking and 12% separating sections. The 
proteins were electrophoresed at 4'C in a Mini Protean II system (Bio-Rad) at 550 volts 
with 7.5inA per gel while stacking and IS'mA per gel while separating in tank buffer 
composed of 25 mM Tris and 64 mM L-isoieucine, Electrophoresis was stopped when 
the dye front ran off the boitom of the gel. The gel was then equilibrated for 15 mia 

15 at RT in transfer buffer composed of 25 mM Tris and 192 mM glycine. Proteins were 
electrobloued overnight at 4 *C onto an Itmnuno-Blot PVDF membrane (Bio-Rad) pre- 
wet in 100% methanol and equilibrated in transfer buffer for 5 min. A Mini Trans- 
Bloc ceil (Bio-Rad) was used for electroblotting at 30 volts and 90 mA. Voltage was 
iiK:reased to 100 for 30 mm in the morning, then the membrane was rinsed 3X 5min 

20 at RT in sterile ddH.O and allowed to dry cotnpletely. Immunological detection was 
carried out following the nmmfacmrers instructions (Bio-Rad Amplified Opti-4CN 
Detection Kit) except that the blocking solution was 5% non-fat dry milk powder in 
Tri^ Buffered Saline (TBS) composed of 20mM Tris pH 7.5 wi* HCi and 500 mM 
NaCL The membrane was incubated for 1.5 hr in antibody against MnSOD (diluted 

25 1 :50a)) fromiV. plumbaginifotia provide by Laboraiorium voor Genetica, Universiieit 
Gem, Gent, Belgium which were prepared as described by Bowler et al. 1991 (EMBO 
J. 10:1723-1732), The membrane was then incubated for LIS br with goat-anu rabbit 
antibody dUuted 1:3000 (Figure 5). 

30 To confirm that the introduced MnSOD gene produced an active protein, SOD 

enzytnatic activity was measured using native PAGE gels. Total protein was extracted 
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and electrophoresed as described above, excepi thai 300 of pjroteiu were loaded onio 
the gel whicJi was cojnposed of 4% siiackiug and 10% sepsraiiizg sections. Following 
electropboresis, the gel was assayed for SOD activiiy in 3 $mm containing 0.06 raM 
riboflavin, 0.651% N,N,N\N'-Tecramediyiediyienediaraine (TEMED and 2.5 mM 
5 Niiro Blue Tetr^itolium (NBT) in phospbare buffer (50mM K^PO^ pH adjiistcd. to 7.8 
with 50 TuM for 30 min in the dark at 4 "C, In order to siain specifically for 

MnSOD activity, Cu/2nS0D and FeSOD isozymes were inactivated by 30 min 
incubation at RT in 3% H2O2 in phosphate buffer, followed by staining for SOD 
activity as described, Gds were illuminaied at 4 °C on a white light box for 
10 approximately 20 minutes, or until the desirea signal was auained (Figure 6). 

Treatment with 3 % H^O., inhibited the aciiviiy of Cu/Zn and FeSOD isozymes . 
Following the ireaiment, areas of MnSOD activity were apparent on the gel (Figure 6). 
Transgenic plants had greater MnSOD activity aj^J a unique isozyme baiul compared 
15 10 extracis from non transgenic plants. This confirmed diat ihe introduced MnSOD 
transgene expressed an active MnSOD enzyme in these transgenic planes. 

Example 3; Tramformatioa of Perennial Ryegrass Mature Zygotic Embryos 

20 Peremiial ryegrass seeds were dehusked, surface sterilized and allowed to 

germinate on sterile fihsr paper overnight. Embryos were ihen dissected from the 
seeds and embryos were placed in a l.SmL microfuge mbe (20 embryos per mbe) and 
were transformed with Agrobacierium as outlined above using MSPRcc (liquid) co- 
cultivation medium. Following the vacuum ireaunent, the rubes were sealed and placed 

25 horizontally for ihe remainder of ihe i hour incubaiion period. Following incubation, 
all liquid was pipetted from the tubes and L5 mL of MSPRcc (liquid) co-cultivation 
medium was added. Embryos were incubated^ horizontally, in the dark for 3 days. 
Embryos were rinsed, bloaed dry, and were plated to MSPR solid embryo induction 
medium for callus induction for 4 weeks in the dark and uransferred to fresh MSPR for 

30 an additional 4 weeks in the dark. Transformed calU were then transferred to MSO' 
medium containing the selecuon agent PPT (pbosphinothricin) ai 5 mg/L and cuioired 
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in the lighi lo allow die planrs to grow. Afier 4 wk. sujyiymg calli were iransferred 
10 MSO medium cootaiiung 5 mg/L PPT, and after an addinonal 2 wk. were 
transferred eo MSO medium containing 10 mg/L PPT. Through the selection phase, 
all culmres were mainmned in the light, ?lms recovered frotn this process were 
5 saii5>led for the presence of ^he introduced genes using PCR. Lcuf ^hsuc was excised 
and DNA extracted using a Qiagen Dneasy Plant Mini Kit (Qiagen Ixic, Mississauga, 
ON) following the manufacturer's insirucrions. The 0NA extract was subjected to 
PCR using the same protocol and primer pairs as described for creeping bentgms 
(Example I). 

10 

The following cable (Table 4) su2iimane$ the results of two transformation 
experiments conducted using dissected embryos of Perennial ryegrass. The 
transformation efficiency computed as the percent explants that formed embtyos on 
selection medium averaged 22.5%. similar to that found for previous experiments 
15 using calii as an explant source (Example 2). 



Table 4 Sommary of rransforraation experincients conducted using embryos of 
Perennial ryegrass. 





Mo. of 


No. of embryog«aic explains 


PCR Screenmg. 7^ plants 






following selecuon 


posiiive 


Bite 


40 embryos 




100 


Elite 


40 embtyos 


la 


100 


Trajsfonnanoo 


Mean 


22.5% 




efficiency 


Raage 


20^25% 





* % of cxpUnis yieidmg craosgenic planes 



25 

All citations are incorporated by reference. 

The present invermon has been described with regard to preferred en^odiments. 
However, it wiH be obvious to persons skilled in the art chat a number of variations 
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and modifjcaiions can be made without departing from die scope of che inveniion a$ 
described herein. 



